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Accounting for the Physics
Once ddcMD was adapted for plasma physics, the Cimarron 

team began incorporating capabilities for simulating and 
investigating key atomic, radiative, and nuclear processes. “The 
plasmas we care about involve different types of ions,” explains 
Graziani. “At the temperatures we’re interested in, plasmas 
of low-Z elements (elements with low atomic numbers) such 
as hydrogen, have completely ionized electrons. But higher 
Z plasmas, such as those containing argon or silver, have only 
some electrons stripped off, so we have to account for their 
atomic physics effects.” The challenge was addressed, in part, 
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by adding atomic physics to the code—a feature that no other 
MD code possesses and that is currently being used to develop 
a biomolecule x-ray imaging capability. (See S&TR, April/May 
2016, pp. 15–16.)

Experimental validation of ddcMD results, an important 
component of the Cimarron project, focused on regimes where 
experiments were likely to produce useful data. If the results of 
the experiments and the code match, it boosts confidence that 
the code can predict results at more extreme temperatures and 
densities. Using short-duration x-ray pulses at SLAC National 
Accelerator Laboratory’s Linac Coherent Light Source (LCLS)  
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The Cimarron team used the ddcMD code to simulate the structure of graphite as well as plasma formation within the material as it was exposed to intense 

x-ray pulses at the Linac Coherent Light Source. Shown here is the lattice structure of graphite as it evolves over 70 femtoseconds.
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and short, intense laser pulses at Livermore’s Jupiter Laser 
Facility, scientists excited and heated graphite targets. When 
plasma formed, they probed the samples for information on the 
plasma’s properties and behavior. These data were then compared 
to results from the ddcMD simulations. Although the team has 
identified several areas where more physics could be added to 
enhance the code, the match was quite good. Experimentalist 
Stefan Hau-Riege observes, “We are now routinely using ddcMD 
to describe nonequilibrium conditions encountered at LCLS.”

Beyond Cimarron
The Cimarron project ended in 2014, but the pursuit of a 

better understanding of dense plasmas continues. At Los Alamos, 
Cimarron’s successor, “Nambe,” explores MD, kinetic, and 
hybrid approaches to plasma simulation. Efforts at Livermore 
focus on the application of ddcMD to increasingly complex 
problems. Design physicist Heather Whitley, for instance, 
performs dynamic ddcMD simulations of shocks for comparison 
with hydrodynamic codes. “We’re at the point where we can use 
ddcMD to directly examine problems,” she says. “Much of my 
current work is focused on designing National Ignition Facility 
(NIF) experiments to measure some of the properties that we’ve 
examined with ddcMD.”

Physicists Tomorr Haxhimali and Robert Rudd are using 
ddcMD on Lawrence Livermore’s Vulcan supercomputer to 
study transport processes under plasma conditions relevant 
to NIF’s ICF experiments. Their work is helping researchers 
understand how the fusion fuel mixes with the plastic shell of 

an ICF target capsule, an undesirable but common occurrence. 
Whitley has also used this simulation capability to complete 
a major research milestone for the National Nuclear Security 
Administration.

The Cimarron project and its successors have deepened 
scientists’ theoretical understanding of dense, nonequilibrium 
plasmas—an effort that benefits national security and energy 
research. In addition, the project has been successful in other 
ways. Its position at the cutting edge of computational physics 
and computer science has attracted a talented and varied group 
of collaborators from many disciplines, institutions, and levels 
of experience, including skilled early-career scientists. Seven 
postdoctoral researchers involved in the project have taken staff 
positions at Livermore and other national laboratories,  
and two Lawrence Scholars pursued their thesis work as part of  
the Cimarron team. Notes Murillo, “What made this project  
unique were the people involved. Never before have I seen a  
group of people from such diverse scientific backgrounds work 
together so well.”

—Rose Hansen
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